Introduction
The bacterium Staphylococcus aureus (S. aureus) is a serious opportunistic human pathogen (1) . It belongs to normal bacterial flora and is often detected in the nasal vestibule and on other body surfaces in 20%-30% of humans. S. aureus synthesizes more than 30 virulence factors that may cause numerous clinical symptoms. In addition to local skin infection, a typical sign of a staphylococcal infection, it also leads to abscesses, osteomyelitis, pneumonia, sepsis, endocarditis, and post-operative infections. More-over, S. aureus toxins may result in poisoning and toxic shock (2, 3) .
The remarkable ability of S. aureus to develop antibiotic resistance makes it a worldwide problem. Through the process of natural selection (mostly transmission), methicillin-resistant S. aureus (MRSA) has developed resistance to macrolides, linkosamides and aminoglycosides and an entire class of antibiotics called beta-lactams (including the penicillins and the cephalosporins). Staphylococcal strains that are susceptible to these antibiotics are classified as methicillinsensitive S. aureus (MSSA). The first MRSA was isolated in Great Britain in 1961, then in the USA in 1968, which was followed by its detection in Japan, Europe and Australia. MRSA has been one of the most common causes of healthcare-associated infections. It has been estimated that MRSA infects 171,200 people in the EU, Island and Norway annually, leading to 44% of all cases of health-care associated infections (4-7). The frequency of MRSA-related infections has slowed down in the West, but in the Northeast, Midwest and South of the USA MRSArelated infections have shown an increase. S. aureus-related infections have been shown to be increasing in the Northeast, Midwest, South and in the West (8) .
There are two types of MRSA infections in human hosts: hospital-acquired MRSA (HA-MRSA) and community acquired MRSA (CA-MRSA), and there is one type of MRSA infection in livestock: livestockassociated MRSA (LA-MRSA). HA-MRSA is a secondary infection, which patients pick up in hospital. CA-MRSA infection is an infection which develops outside the hospital, through exposure to a carrier or contaminated surface in the wider community. LA-MRSA infections colonize livestock, including pigs, cattle and poultry (6, 9, 10) . Some studies have suggested that previous hospitalization is associated with CA-MRSA (8, 11) .
MRSA spreads easily in hospitals, usually through the hands of health workers or contaminated objects. The colonization of health workers with MRSA is especially dangerous. Risk factors that contribute to MRSA spread are subtherapeutic doses or the overuse of antibiotics, long-term hospital stay and intravascular catheterizations in intensive care units (ICUs). The potential sites for MRSA infection in hospital patients are open wounds, intravenous catheters and the respiratory and urinary tracts (4, (12) (13) (14) .
MRSA infections in hospital settings have been a serious issue across the world. MRSA infections prolong hospital stay and excessive antibiotic usage which raise the total cost of hospitalization. Hand hygiene, decontamination, and contact isolation of colonized and infected patients are the most important prevention measures. MRSA strains can be detected in clinical specimens using standard microbiological procedures, following the guidelines set by the 2011 European Committee on Antimicrobial Sensitivity Testing (EUCAST). MRSA is a multidrug resistant isolate, causing infections that are difficult to treat. In treatment of MRSArelated infection vancomycin, linezolid and tigecyclin (15) (16) (17) may be used.
To our knowledge, this is the first study on MRSA-related infection frequency and antibiotic resistance in hospital patients from north-east Croatia. This was a 5-year study that analysed 1987 staphylococci-infected clinical specimens collected at Osijek Clinical Hospital.
Materials and methods

Samples
This study was performed between January 2008 and December 2012, and included 1987 staphylococci-infected isolates. All isolates were collected at the Osijek Clinical Hospital Centre. The presence of Staphylococcus was analysed in clinical samples: aspirates, catheters, wounds, blood, liquor and urine, which are collected on the surgical, internal medicine, paediatric, infectious diseases and ICU wards. All samples were analysed at the Microbiology Department of the Institute of Public Health of the Osijek-Baranja County. Only one sample per patient was included in the study.
Laboratory methods
Samples were cultivated on blood agar plates and incubated at 37°C for 18-24 hours in a microbiology laboratory. The presence of Staphylococcus was confirmed by the microscopic analysis of Gram-stained samples and a catalase test. In order to distinguish between S. aureus and coagulase-negative staphylococci (CoNS) we used deoxyribonuclease (DNase), coagulase and latex agglutination tests (Bio-Rad, Latex agglutination test for the identification of Staphylococcus aureus, Version 2012.). MRSA was determined from its resistance to cefoxitin by the disk diffusion technique. Cefoxitin resistant MRSA was confirmed by a fast latex agglutination test that detects penicillin-bound proteins (Oxoid, Test kit for the detection of PBP 2´, Version 2012.). MRSA isolates that were PBP 2´ agglutination-negative were further verified by an automatic identification system VITEK (BioMérieux, Vitek 2, Version 2008.).
The antibiotic susceptibility of MRSA was analysed to the following antimicrobial drugs: ciprofloxacin (5 µg), gentamycin (10 µg), clindamycin (2 µg), erythromycin (15 µg), netilmycin (10 µg), linezolid (10 µg), rifampicin (5 µg), teicoplanin (30 µg), vancomycin (5 µg) and sulfamethoxazoletrimethoprim (1.25/23.75 µg). EUCAST guidelines were followed for the susceptibility and result analysis.
Methicillin resistance was evaluated by a cefoxitin disk diffusion test. Müller-Hinton agar was covered with a bacterial suspension to the density of the McFarland 0.5 standard and incubated for 18-24 hours in air at 37°C. A bacterial isolate was considered to be resistant to all beta-lactam antibiotics if the size of its inhibition zone was <22 mm. For the strains with border values for inhibition zones diameters for cefoxitin the minimal inhibitory concentration (MIC) was determined. Isolates with values >4 mg/l were considered to be MRSA-positive (15, 18, 19) .
Ethics statement
This study was approved by the Ethics Committee of the Institute of Public Health of the Osijek-Baranja County and performed according to the ethical principles of the Helsinki declarations. Figure 1 shows that isolates from the surgical wardd and ICU had higher rates of MRSA-related infection (49.8% and 27.9%, respectively) than samples from the internal medicine, infectious and paediatric units (12.7%, 6.8%, and 2.8%, respectively). This difference was statistically significant (χ 2 =113.46, p<0.0001). Out of 542 MRSA-related infections samples analysed in this 5 year study, the majority was detected in wound swabs (50.6%) and aspirates (28.8%) (Figure 2) .
Statistical analysis
A significantly lower level of MRSA-related infections was detected in blood (10.0%), urine (2.9%), catheters (2.6%), and liquor (5.1%) samples (χ 2 =128.11, p<0.0001). Table 2 summarizes the susceptibility of 542 MRSA-related infection isolates to several antimicrobial drugs used in the treatment of MRSA infections. All MRSA-related infection strains analysed in this study were susceptible to vancomycin, teicoplanin and linezolid.
In contrast, less than 10% of MRSArelated infection strains were susceptible to erythromycin or clindamycin. Their highest susceptibility to these two antibiotics was detected in 2011 (7.8% and 6.7%, respectively). While the susceptibility of MRSA-related infection strains to netilmycin showed a downward trend, their susceptibility to ciprofloxacin and gentamycin increased (from 1.7% and 7.5% in 2008 to 5.7% and 12.5% in 2012). With a capacity of 1160 beds, Osijek Clinical Hospital is the largest healthcare centre in north-east Croatia. The largest incidence of MRSA-related infections was detected in the surgical ward and the ICU. The latter is a polyvalent unit with 12 beds and ¾ of its patients arrive from surgical units. This rate correlated with the results reported by Joshi et al. (25) .
The largest number of MRSA-related infections was detected in wound swabs and aspirates. The high incidence of MRSA-related infections in aspirates is linked to the fact that ICU patients underwent endotracheal intubation. These results correlated with reports from Pakistan and India (4, 21) . All MRSA strains detected in this study were susceptible to vancomycin, linezolid and teicoplanin. Vancomycin-sensitive MRSA strains were also reported in studies from Bosnia and Herzegovina, Romania, Ireland, the United Kingdom, India, and Columbia (23, (26) (27) (28) (29) (30) (31) . However, vancomycin-resistant S. aureus (VRSA) strains were discovered in the USA (32, 33) .
The majority of our MRSA strains were not susceptible to erythromycin and clindamycin. Moreover, their susceptibility to netilmicin showed a downward trend between 2008 and 2012. On the other hand, their susceptibility to ciprofloxacin and gentamycin increased during this 5-year period. These observations correlate with the results reported by the Committee for Antibiotic Resistance Surveillance in Croatia (Croatian Academy of Medical Sciences).
Conclusion
In conclusion, despite some limitations (the lack of epidemiological evidence about the reason and length of hospital stay), this 5-year study was the first study on MRSArelated infection frequency and antibiotic resistance in hospital patients from northeast Croatia. This study demonstrates that MRSA-related infection is a problem in north-east Croatia. Due to the 100%-efficient susceptibility of MRSA strains in patients at the Osijek Clinical Hospital to vancomycin, linezolid and teicoplanin, these antibiotics should be avoided in therapy. Further monitoring is necessary of the use of antibiotics, incidence of MRSA-related infections and their antibiotic susceptibility. This study can enable epidemiologists to understand the nature of MRSA infections in north-east Croatia. 
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